. These regeneration protocols involve the use of immature/mature embryos, bulblets, or bulbous scales explants for most Fritillaria species. These explants have certain disadvantages, such as dormancy, which lead to a low germination rate. Furthermore, bulblets or bulbous scales collected from nature are highly contaminated with microorganisms (fungal or bacterial), which hinder the in vitro propagation. Other major problems associated with these in vitro protocols are insufficient bulblet size, maturity, and bulblet dormancy (Langens-Gerrits et al., 2003) , which lead to failure of these bulbs to tolerate abiotic stress (Kizil and Khawar, 2014) and ultimately results in unsuccessful acclimatization. Besides that, rooting and hardening of in vitro regenerated Fritillaria bulblets is also a challenge for researchers.
To our best knowledge, no study to date has addressed all of the problems mentioned above for any Fritillaria species. There is a dire need to develop new regeneration protocols that provide a solution for all the problems in a single study. Therefore, we targeted these problems and present a report for the first time that covers experiments about in vitro germination, bulblet regeneration, increasing bulblet size, hardening, and acclimatization in this study. The results of the present study will be helpful for in vitro propagation of other Fritillaria species or bulbous plants that can be used for commercial production.
Material and methods

Plant material and sterilization
Fruits of F. persica containing seeds were collected from an experimental field area of the Department of Field Crops, Faculty of Agriculture, Ankara University, Ankara, Turkey. Thereafter, the seeds were subjected to surface sterilization using 70% (v/v) ethanol and 2.5% NaOCl (commercial bleach). The sterilization was done for 20 min followed by rinsing 3 times with distilled sterilized water for 5 min each.
Seed germination
Surface sterilized seeds were placed on Murashige and Skoog (MS) medium (Murashige and Skoog, 1962) in Magenta GA7 vessels for in vitro germination and incubated at three different temperatures of 4, 16, and 24 °C, respectively. Seeds incubated at 16 and 24 °C were kept for 3 months at these temperatures for germination, whereas seeds kept at 4 °C were transferred to the temperature of 16 °C after 1, 2, and 3 months to observe the effect of cold pretreatment period on germination.
Bulblet regeneration
Leaf disc, leaf scale, and bulblet explants taken from in vitro grown seedlings were used for in vitro micropropagation. Bulblets taken from in vitro grown seedlings were cut vertically into two parts, followed by culture on MS medium supplemented with 0.5-2.0 mg/L thidiazuron (TDZ). Leaf disc explants were obtained by cutting the leaf between the midrib and the edges, whereas approximately 1-cm-long leaf scale explants were taken by cutting of in vitro grown leaf into 2-3 parts. Both the leaf disc and the leaf scale explants were cultured on MS medium enriched with 2-6 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) and 0.2 mg/L kinetin. Selection of specific plant growth regulators (PGRs) for specific explants was based on the data of experiments performed on other species (data not shown).
Bulblet maturation and hardening
In vitro regenerated bulblets of different sizes (0.28-0.32 cm) were selected randomly and two different experiments were performed in order to increase the in vitro grown bulblet size for better adaptation. In the first experiment, they were cultured for 16 weeks on MS medium solidified with different concentrations and combinations of (0-6.5 g/L) agar and (0-2.25 g/L) GELRITE, devoid of PGRs. In the second experiment, bulblets were exposed for 15 days on MS solidified medium containing 10-20 g/L of NaCl, KCl, or CaCl 2 . Data pertaining to bulblet growth and development from both experiments were scored and analyzed statistically.
Acclimatization
For acclimatization, sterile peat moss, vermiculite, sand, and perlite (2:1:1:1) were used as the substrate in all experiments. In vitro bulblets taken from the regeneration media were cultured on MS medium containing 20 g/L sucrose and placed in the refrigerator at 4 °C for a period of 2 months to break dormancy. Thereafter, these bulblets were developed further on media supplemented with different salts, transferred to trays containing compost, and incubated in growth cabinets under a 16-h light photoperiod at 23 °C and 90% humidity. The trays were covered with polyethylene bags to retain moisture inside and were opened gradually over the course of 2 weeks. Afterwards, bulblets were transferred to the greenhouse as well as to field conditions for further adaptation and growth.
Media and culture conditions
In all culture media used for in vitro germination and regeneration, the effects of solidifying agents, salts, and sucrose concentration were achieved by using MS medium supplemented with 30 g/L (w/v) sucrose, solidified with 0.65% (w/v) agar, with pH adjusted to 5.8. All media were autoclaved at 118 KPa atmospheric pressure and 120 °C for 21 min. All cultures were kept at 24 °C with a 16-h photoperiod.
Statistical analysis
In all experiments, each treatment had 3 replicates containing 10 explants depending on availability of the material. Data taken from all experiments were subjected to statistical analysis by one-way ANOVA. SPSS 17 for Windows was used for statistical analysis and Duncan's multiple range test was employed for post hoc tests. Data presented in percentages were subjected to arcsine transformation (Snedecor and Cochran, 1967) . All values were reported as means ± standard error of means.
Results
Seed germination
Surface sterilized seeds of F. persica cultured on MS medium in Magenta GA7 vessels at 4, 16, and 24 °C showed a varied response (Table 1 ). Seeds placed directly at 24 °C turned necrotic within 1 week and failed to germinate. Seeds at 16 °C did not show any sign of necrosis but also failed to germinate even after 3 months of culture. Seeds that were incubated at 4 °C and transferred to 16 °C after 1 month of culture also showed no germination. However, the seeds that were kept at 4 °C and transferred to 16 °C after 1 or 2 months of culture resulted in 86.7% and 96.7% germination within 2 weeks, respectively (Table 1) . Furthermore, these germinated seedlings also developed green foliage and bulblets after 3 months (Figure 1a ).
Bulblet regeneration
All TDZ concentrations responded well and proliferated callus induction on vertically cut half bulblet explants that was followed by shoot buds after 3 weeks of culture. However, it took a prolonged time to convert these shoots into bulblets (Figure 1b) . Similarly, callus formation and shoot bud initiation started at the margins of the leaf disc and leaf scale explant on MS medium provided with 2-6 mg/L 2,4-D and 0.2 mg/L kinetin ( Figure 1c ) after 3 weeks. Shoot buds from both explants converted into welldeveloped bulblets with rooting and green foliage ( Figure  1d ). Both explants were allowed to remain in the culture medium for 3 more months in order to increase bulblet size (Figure 1e ).
Data regarding frequency of bulblet regeneration and bulblets per explants on media containing TDZ or 2,4-D and kinetin were taken after 9 months of culture and analyzed statistically. The results clearly revealed the statistically significant effects (P ≤ 0.05) of PGRs on bulblet regeneration. The frequency of bulblet regeneration and the number of bulblets per explant responded variably to TDZ concentrations ( Figure 2 ) that ranged between 13.33% and 60.0% and between 4.16 and 22.86, respectively. Maximum frequency (60%) of bulblet regeneration, with a maximum number of 22.86 bulblets per explant, was noted on the medium supplemented with 2.0 mg/L TDZ. The frequency of bulblet regeneration (20.0%) with an average of 4.16 bulblets per explant was also achieved on a medium devoid of TDZ ( Figure 2 ).
Frequency of bulblet regeneration ranged between 3.3% and 73.3% and between 30.0% and 100% for leaf disc and leaf scale explants, respectively ( 
Bulblet maturation and hardening
After successful regeneration, bulblets obtained from all explants were subjected to acclimatization. However, since the regenerated bulblet size was not large enough, they failed to acclimatize. Therefore, randomly selected regenerated bulblets of different sizes were cultured on MS medium with different concentrations and combinations of agar and GELRITE for 4 months. Agar-GELRITE combinations exerted positive effects on the number of secondary bulblets and roots per explant. Secondary bulblet regeneration was observed in all media from the basal part of the bulblets (Figure 4a ), and on developed roots ( Figure 4b ). These secondary bulblets also converted into bulblets with fresh green foliage ( Figure 4c) .
The results showed statistically insignificant effects of agar-GELRITE combinations on bulblet diameter, which showed an increase of 0.63-1.00 cm ( Table 2 ). The Each value is the mean ± SE of 3 replications with 10 explants each. 1 Seeds incubated at 4 °C were transferred to 16 °C after 1, 2, and 3 months of cold pretreatment for germination. 2 Values in the column followed by different letters are significantly different at the 0.01 level.
maximum final bulblet size increase (1.00 cm) was observed on the medium solidified with a 1.5 g/L agar and 1.6 g/L GELRITE combination. Contrarily, the minimum final bulblet size increase (0.63 cm) was scored on a medium containing 5.5 g/L agar and 0.3 g/L GELRITE. The results of frequency of secondary bulblets regeneration were also insignificant and ranged between 83.3% and 100%. The minimum frequency of secondary bulblet regeneration was recorded on MS medium having 5.5 g/L agar and 0.3 g/L GELRITE. The number of secondary bulblets was statistically significant (P ≤ 0.05), with a maximum of 4.17 secondary bulblets per explant generated on the medium supplemented with 5.5 g/L agar and 0.3 g/L GELRITE. Contrarily, the minimum number of secondary bulblets (0.33) was scored on the medium with 0.5 g/L agar and 1.92 g/L GELRITE. Agar-GELRITE combinations exerted statistically significant effects (P ≤ 0.05) on root length that ranged between 2.15 and 4.88 cm (Table 2) . Contrarily, the results showed statistically insignificant effects of agar-GELRITE combinations on the number of roots per bulblet that ranged between 10.67 and 16.62. The maximum number of roots per bulblet was induced on MS medium having 6.5 g/L agar only. The minimum number of roots per bulblet (10.67), with a minimum root length of 2.15 cm, was scored on the medium containing 2.25 g/L GELRITE. In general, medium solidified with 1.5 g/L agar and 1.6 g/L GELRITE was found to be the most efficient for increasing the bulblet size with the maximum change in diameter, number of roots per bulblet, and root length (Table 2) . Regenerated bulblets were also incubated on MS medium with different concentrations of NaCl, KCl, and CaCl 2 for 15 days in order to check their effects on bulblet growth and development. After 15 days of culture, bulblets were transferred to MS medium without salts for 4 weeks and scored. New foliage development followed by root development (Figure 4d ) was observed in this period. Besides that, secondary bulblet regeneration was also obtained (Figure 4e ) on the basal part of the explant. Salt type and concentration exerted statistically significant effects on rooting frequency (P ≤ 0.01), root length (P ≤ 0.05), number of roots (P ≤ 0.01), and secondary bulblet regeneration (P ≤ 0.05). Contrarily, statistically insignificant effects of salt type and concentration were observed on frequency of leaf induction, number of leaves, and secondary bulblets per explant (Table 3) .
Comparing salt types, NaCl exerted positive effects on bulblet growth and development compared to other salts. NaCl (10 g/L) in the culture medium induced maximum rooting frequency (100%), root length (3.66 cm), roots per bulblet (14.58), leaf induction frequency (100), number of leaves (8.0), and number of secondary bulblets (5.0) per explant. Contrarily, CaCl 2 (10 g/L) produced the least response as minimum roots per bulblet (6.94) and number of leaves (3.80) were scored. Moreover, 10 g/L CaCl 2 also failed to induce secondary bulblet regeneration. Comparing salt concentrations, the concentration of 20 g/L, irrespective of type, was detrimental for bulblet growth and development. Minimum rooting frequency of root formation (56.7%) and root length (1.38 cm) was achieved from 20 g/L KCl and NaCl respectively, and 20 g/L KCl did not induce secondary bulblet regeneration.
Acclimatization
In vitro rooted bulblets from the regeneration medium failed to acclimatize in the pots containing different substrates under greenhouse conditions. However, plants developed new foliage and roots after 1 month when cultured at 4 °C for 2 months on MS medium containing 20 g/L sucrose followed by transfer to greenhouse conditions. In this way, a reasonable number of bulblets were adapted. Contrarily, bulblets with well-developed foliage and roots taken from agar-GELRITE mediums that were transferred to trays containing substrate developed new foliage and roots when covered with bags in a growth chamber. However, plants did not survive when they were uncovered and transferred to greenhouse conditions. Well-developed bulblets taken from salt medium developed new foliage within 1 week in the growth room. The transfer of these trays to the greenhouse exerted positive effects on foliage and root growth (Figure 4f) . Plants survived for a long time and flowering was recorded under field conditions.
Discussion
Seed germination of F. persica is generally very poor due to underdeveloped embryos (Baskin and Baskin, 2004; Kizil and Khawar, 2014) , which leads to physiological dormancy (Baskin and Baskin, 2004) . Physiological dormancy along with abiotic factors such as temperature limits the cultivation and conservation of F. persica and requires alternative means of propagation (Ulug et al., 2010) . In vitro germination of bulbous plants provides an efficient and alternative way of breaking the dormancy in such types of plants, by exposing the seeds to different chilling or warm temperatures for certain periods of time (Hilhorst, 2011) , exogenous application of GA 3 or other phytohormones (Seo et al., 2011), light/darkness exposure or lighting source (Lian et al., 2002) , or combinations of different techniques (Kizil and Khawar, 2014) . The results revealed the importance of temperature on breaking the dormancy and also clearly showed the relationship between temperature and necrosis. Higher temperature led to severe necrosis, which hindered the germination process. Prolonged exposure of seeds to a low temperature (4 °C) resulted in higher germination percentage. However, prolonged exposure of germinated seedlings to a low temperature significantly hindered the seedling growth and development (Kizil and Khawar, 2014) . Therefore, exposing the seedlings to a higher temperature of 16 °C ultimately proliferated the bulblets with green foliage under in vitro conditions and confirmed the recent findings of Kizil and Khawar (2014) . Use of different temperature levels for the germination of F. thunbergii (Gao et al., 1997) and F. tubiformis subsp. moggridgei (Carasso et al., 2011) has also been reported. Correct selection of explants for efficient regeneration is a prerequisite for bulbous plants. Explants close to meristematic zones are usually preferred for in vitro bulblet regeneration. Therefore, immature/mature embryos, bulblets, or bulbous scales explants are the first choice for in vitro bulblet regeneration of most Fritillaria species (Mohammadi-Dehcheshmeh et al., 2006; Özcan et al., 2007; Petric et al., 2011; Rahimi et al., 2014) . Furthermore, physiological dormancy of mature or immature embryos and high contamination in bulbous plants lead to using new explants for in vitro propagation of bulbous plants. In this study, all explants showed competency to regenerate calli and bulblets using 2,4-D and kinetin, or TDZ.
Bulblet explants responded fairly well to a higher level of TDZ in the culture medium in order to gain maximum shoot regeneration. Callus induction was evident in response to high TDZ concentration, which resulted in bulblet regeneration. The results clearly revealed the relationship between TDZ concentration and regeneration response. Higher TDZ concentration boosted the bulblet regeneration frequency and bulblets per explants. Higher TDZ requirement for bulblet induction has been reported in tulip (Podwyszynska and Marasek, 2003) and Curculigo orchiodes (Thomas, 2007) . Contrarily, Petric et al. (2011) revealed the importance of a low TDZ concentration of 0.05-0.50 mg/L for optimum bulblet formation for F. melegris. However, negative effects of a higher TDZ concentration (2.0 mg/L) on bulblet formation and bulblet numbers of M. muscarimi Medic (Uzun et al., 2014b) have also been reported. In vitro regenerated bulblets from germination or regeneration experiments failed to acclimatize in pots containing peat moss, perlite, or vermiculite alone or in different combinations (data not shown). The main reasons are dormancy, smaller bulbous size, or maturity of in vitro grown bulblets (Langens-Gerrits et al., 2003) that did not allow for proper growth and hindered initiation of new leaves (Li and Qin, 1987) in their immediate environment. Therefore, in order to overcome these problems, a new strategy was developed using agar-GELRITE in different combinations. Solidifying agents in the culture medium alone, or in combinations, exerted significant effects on the in vitro shoot/bulblet regeneration behavior (Tsao and Reed, 2002; Uzun et al., 2014a) . Agar and GELRITE are natural polysaccharides that are mostly used at certain concentrations depending mainly on explant or plant type and culture conditions (Ebrahim and Ibrahim, 2000) . Our results emphasize the importance of the right combination and concentration of agar-GELRITE in the culture medium for increasing bulbous size. It is assumed that initial PGRs in the culture medium inhibited the bulblet growth, which was reversed by culturing the bulblets in a PGR-free medium with the right combination of agar and GELRITE. Positive effects of subculture or culture on PGR-free medium have been reported and credited for increasing bulblet size of other geophytes (Özel and Khawar, 2007; Özel et al., 2007; Thomas, 2007) .
Besides bulblet size, secondary bulblet regeneration on the basal part of the bulblet and the root tip was of immense importance and has already been reported in other geophytes such as Curculigo orchioides (Thomas, 2007) and Ornithogalum oligophyllum (Özel and Khawar, 2007) . In general, different combinations of agar-GELRITE were found to be more effective for bulblet growth and development when compared to agar or GELRITE used alone. These results are contrary to the previous findings of Ebrahim and Ibrahim (2000) , who reported GELRITE to be a superior gelling agent when compared to agar alone or to combinations of agar-GELRITE for proliferation rate, organogenesis, and growth of M. leuconeura. Results further revealed the positive bearings of a low agar concentration in combination with GELRITE on secondary bulblet regeneration, bulblet size, change in diameter, and number of roots per bulblet and root length. It is suggested that low agar concentration increased the availability and uptake of certain nutrients like iron, calcium, and zinc (Mohamed-Yasseen, 2001; Witte et al., 2002) and lowered the concentration of toxic compounds that adversely affect plant growth (Scholten and Pierik, 1998) . On the other hand, provision of GELRITE also exerted positive effects on regeneration behavior (Huang et al., 1995) . Results further showed that GELRITE alone was less responsive for root induction compared to agar alone or agar and GELRITE combinations.
Salinity caused by different salts adversely affects plant growth and development by osmotic effects, specific ion toxicity, nutritional disorders, or their combinations (Grattan and Grieve, 1998; Parida and Das, 2005; Lauchli and Epstein, 2011) , as well as metabolic processes, enzyme contents, and their activities (Salwa et al., 2010) . These activities depend mainly on the type of species, genotypes, plant age, salinizing agent, and concentration (Jenks et al., 2007) . The salts used to create salinity may adversely affect plant growth and development at a specific concentration (Munns 2002) ; this is a well-established phenomenon (Abou Hussien et al., 2010) From explants that produced roots.
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ns: not significant. ex vitro conditions. Contrarily, our results revealed positive effects of a specific salt type and specific concentration on bulbous growth and development. Furthermore, higher concentrations, as expected, hindered growth and development. Comparing salt types, NaCl proved to be superior compared to other salts for bulbous growth as used in the study. NaCl is normally expected to have an adverse effect on plant growth and development due to suppressed cell division and restricted growth activities (Bohnert and Jensen, 1996) . Accumulation of Na + and Cl − in tissues led to toxicity (Tester and Davenport, 2003; Karimi et al., 2009 ) in the cells' cytoplasm, which affected different biochemical and physiological processes (Jampeetong and Brix, 2009 ). Our results revealed that bulblets tolerated a concentration of 10 g/L NaCl, which ultimately promoted the bulbous growth more efficiently as compared to 20 g/L NaCl. The positive response of bulblets to a specific salt concentration might be due to higher tolerance showed by plants at maturity, or might depend on the type of organ (Jenks et al., 2007) used in the study. Similarly, negative effects of a higher KCl concentration lead to salt stress and may affect plant growth and development by causing callus induction, necrosis, and shoot regeneration, in line with the findings of Santos et al. (2001) , Sotiropoulos et al. (2006) , Boyko et al. (2011), and Zahid et al. (2014) . The results clearly indicate that the addition of salts at low concentrations for a specific time can be used to increase bulblet size and to harden the bulblets.
Acclimatization of in vitro regenerated bulblets is the most challenging task due to smaller size and dormancy found in the in vitro regenerated bulblets (Mirici et al., 2005; Petric et al., 2011) . Therefore, optimum bulblet size with adequate rooting is a prerequisite for successful acclimatization. Researchers adopted different approaches in order to increase bulblet size prior to acclimatization. These include altering of the carbon source (Takayama and Misawa, 1979; Yaseen et al., 2013; Zhang and Jia, 2014) , basal media (Naik and Nayak, 2005; Uranbey, 2010; Azad and Amin, 2013) , temperature (Langens-Gerrits et al., 2003) , phytohormones Aasim et al., 2008) , lighting system and photoperiod (Lian et al., 2002; Aasim and Soydan, 2012; Zhang and Jia, 2014) , and nitrogenous compounds (Kumar et al., 2007) . Our results revealed that exposing the bulblets to 10 g/L NaCl helped the adaptation of the in vitro regenerated bulblets. Furthermore, adaptation of in vitro regenerated bulblets in a growth chamber with controlled conditions can also be employed, but only for small-scale production. Use of specific substrate (peat moss, vermiculite, sand, and perlite; 2:1:1:1) is also important and may vary with plant type (Petric et al., 2011; Rahimi et al. 2014) . Results further revealed the importance of sucrose concentration on hardening and acclimatization. Application of a reduced exogenous sucrose concentration has been successfully employed for hardening and acclimatization of other Fritillaria species. Contrarily, higher concentrations were used for embryo maturation and induction of storage proteins, fatty acids, and others required for embryo germination (Rai et al., 2008 (Rai et al., , 2011 .
In conclusion, our study presents an improved, efficient, and reliable in vitro bulblet regeneration protocol of the Persian lily (F. persica). In this study, we successfully established in vitro seed germination followed by induction of singlet bulblets. Thereafter, in vitro multiple bulblet regeneration was successfully established using different explants and PGRs. The study also presents a successful use of different gelling agents and salt concentrations for maturation of these bulblets. In the last step, we demonstrated a number of new acclimatization strategies for successful adaptation to their natural environment. In short, these protocols can be employed for commercialscale propagation of Fritillaria or other geophytes in future studies.
